Impact of fungal inoculation on A. alpina growth on MS agar 175
Fungus 229 (F229) as well as other fungal isolates (isolates 226, 248, 247, 91, 83 and 222) were 176 screened for their effect on root and shoot growth of A. alpina F1gal and PM under high and low 177 P conditions. A. alpina F1gal and PM seeds were surface sterilized as described above, plated 178 onto low-P MS agar (100 µM P as KH2PO4) (12) , stratified one week at 4°C and let to germinate 179 in a phytochamber (Versatile Environmental Test Chamber, Sanyo, Osaka, Japan; 16h/8h 180 day/night cycles at 22/18°C and 70% relative humidity). One-week-old seedlings were then 181 transferred to new plates containing 40 ml of low-P (100 µM P as KH2PO4) or high-P (1000 µM P 182 as KH2PO4) MS medium, respectively. Two weeks old fungal MYP agar plates were used to 183 inoculate low-P MS agar plates by transferring a 0.5 cm 3 agar plug. The fungus was let to grow 184 on low-P MS agar for two weeks prior to inoculating one week-old seedlings by placing a 1 mm 3 185 agar plug 0.5 cm under the root tip. Plugs from fungus-free low-P MS plates were used for mock-186 inoculated plants. Plates were closed with Micropore Surgical Tape (3M, Borken, Germany), 187 placed vertically in the phytochamber and plants were let to grow for two weeks under the same 188 conditions as indicated above. The plates were randomized every other day. After two weeks (14 189 dpi) plants were harvested individually, shoot weight was measured and individual root systems 190
were washed and scanned in a transparent tray filled with water using a backlit scanner 191 (Perfection V700, Epson, Meerbusch, Germany). Grey scale images were analyzed withWinRHIZO software (Regent Instruments, Quebec, Canada) to estimate total root length and total 193 root surface area. Each fungus was tested once in four experiments including different fungi ( Fig.  194 
S4 B). 195
The effect of isolate 229 (OTU00005) on A. alpina F1gal growth under low-and high-P MS agar 196 conditions, was further assessed in three independent experiments each including four plates per 197 treatment and four plants per plate (n = 16). The experiments were performed as indicated above 198 except that all the shoots from one plate were pooled to measure shoot P content by ICP-MS and 199 one root system per plate was collected for microscopy analysis of fungal colonization. The 200 positive effect of a second isolate belonging to OTU00005 (isolate 240) on A. alpina F1gal root 201 growth under low P conditions was assessed (as described above) in three independent 202 experiments each including five plates per treatment and four plants per plate (n = 20). Data 203 normality was checked and means were compared with t-test (P < 0.05). 204
205

Microscopy analysis 206
For microscopy analysis of fungal colonization, fungal and plant cell walls were stained with WGA-207 Alexa 488 (Molecular Probes, Eugene, OR, USA) and propidium iodide, respectively. Root 208 samples were kept in 50% ethanol before clearing in 20 % KOH for 30 min at 100 °C. After rinsing 209 in deionized water roots were acidified in 0.1 M HCl for 2 h. Roots were then placed in a staining 210 solution of PBS buffer with 10 µg/ml of propidium iodide and 5 µg/ml of WGA-Alexa Fluor 488 and 211 were infiltrated for 6 min with a vacuum pump (Concentrator plus, Eppendorf, Hamburg, 212 Germany). Samples were mounted on glass slides in 10 % glycerol for microscopy analysis. For 213 vital staining with FM 4-64, fresh plant roots were washed twice in PBS buffer before infiltration 214 for 2 x 4 min with PBS staining solution containing 5 µg/ml of WGA-Alexa Fluor 488 and 2 µg/ml 215 Microscopy analyses were conducted with a SP8 CLSM microscope (Leica, Mannheim, 217
Germany) with excitation and detection parameters set to 561 nm and 570 -700 nM for propidium 218 iodide, 488 nm and 500 -600 nM for WGA-Alexa Fluor 488 and 561 nm and 650 -750 nM for FM 219 4-64. Fungal colonization of roots was quantified under a fluorescence microscope (DM5000, 220 Leica) by taking 60 images (740 × 985 µm) per root sample (with three root samples per 221 treatment). The number of hyphae per image were estimated using the intersection method often 222 used for the calculation of root colonization by arbuscular mycorrhizal fungi (13) , and for each 223 image fungal colonization was scored as no colonization (no hyphae), colonization low (1 -50 224 hyphae) or colonization high (>50 hyphae). The colonization level was calculated as the 225 percentage of images where at least one hyphae was recorded divided by the total number 226 analyzed images. The colonization patterns (i.e. the number of fields with no, low or high 227 colonization) were then compared between low P and high P conditions, with a chi-squared test 228 (P < 0.05). 229
230
Fungus 229 genome and transcriptome sequencing 231
For genome sequencing, high molecular weight gDNA was extracted and used for PacBio SMRT 232 technology sequencing. Fungus 229 was grown for three weeks on MYP agar, the mycelium was 233 scraped from the surface of four plates and was ground in liquid nitrogen. Genomic DNA was 234 extracted by adding 1 ml of extraction buffer (100 mM Tris-HCL, 1.5 M NaCl, 50 mM EDTA, 2 % 235 CTAB, 0.05 % β-mercaptoethanol) to 200 mg of mycelium, shaking for 10 min at room 236 temperature, adding 1 ml CIA (chloroform:isoamylalcohol 24:1), shaking for 5 min, centrifuging 237 (20 min at 10000 g) and recovering the supernatant. The solution was cleared by adding 0.2 238 volumes of ethanol to the supernatant, shaking for 5 min, adding 1 volume of CIA, centrifuging 239 (20 min at 10000 g) and recovering the supernatant. DNA was precipitated by addition of 1 volume 240 of isopropanol to the supernatant, shaking for 1 h at room temperature and centrifuging (20 min 241 at 5000 g). The pellet was washed with 70 % ethanol, dried and resuspended in 10 mM Tris-HCl, 242 pH 8.5. DNA was further cleaned-up following the Pacific Biosciences (Menlo Park, CA, USA) 243 protocol using a salt:chloroform wash (available at http://www.pacb.com/wp-244 content/uploads/2015/09/Shared-Protocol-Guidelines-for-Using-a-Salt-Chloroform-Wash-to-245
Clean-Up-gDNA.pdf). The genome sequence of F229 was generated using PacBio RS II 246 technology (Pacific Biosciences). Large SMRTbell gDNA libraries with insert size of 15 kb were 247 prepared and 9 SMRT cells were sequenced at the Max Planck-Genome-center Cologne. The 248
PacBio reads were further assembled into 39 contigs by Overlap-Layout-Consensus algorithm 249 using HGAP with SMRT Analysis Software v2.3.0 (Pacific Biosciences). The genome was 250 deposited at the NCBI data base (BioProject PRJNA378526) under the name "Helotiales sp. 251 F229" genome assembly and annotation information is given in the Dataset S2. 252
The transcriptome of F229 growing on MYP media was included in the analysis to aid in gene 253 annotation. The fungus was grown for one week on MYP agar, the mycelium was scraped from 254 the agar surface and RNA was extracted using a NucleoSpin RNA Plant kit (Macherey Nagel). 255
The RNA sample was used for polyA-selected library preparation using a TruSeq RNA kit 256 (Illumina) and paired-end sequencing (2 × 75b) in a Hiseq instrument (Illumina) at the Cologne 257
Center for Genomics (http://portal.ccg.uni-koeln.de/ccg/index.php). Reads were trimmed to 258 remove unidentified and low-quality bases and reads with less than 50 bp were discarded. All the 259 paired and unpaired reads were then assembled using Trinity v.2.1.1 (14) into transcripts 260 (including alternative spliced variants) and genes. These de novo-assembled transcripts were 261 then used for gene prediction. 262
263
Gene prediction 264
The Maker (15) ) and 98.7 % and 99.2 % of those genes were found, 279
respectively. 280 281
Gene annotation 282
To annotate the predicted genes a BLASTX search against the non-redundant protein NCBI 283 database was performed (E-value < 10 -5 , maximum hits = 20). Gene ontology analysis was carried 284 out using BLAST2GO (22). KEGG annotation for the 16.962 predicted proteins, was carried out 285 using using GhostKOALA (23) resulting in 4.057 (23.9 %) proteins which were assigned to KO 286 identifiers and mapped against the KEGG database using KEGG Mapper to identify pathways. 287
Pathogenicity related proteins were searched against PHI database using BLASTP (E-value < 10 -288 5 ). To predict tRNA genes, the assembled genome was scanned with tRNAscan-SE (v. 
Repetitive elements 304
The assembled genomic contigs were scanned for repetitive elements using RepeatMasker 
Phylogenetic analysis of P transporters in F229 genome 320
Protein sequences from annotated P transporters (PTs) in F229 genome were phylogenetically 321 compared to described PTs in Saccharomyces cerevisiae (ScPHO84, KZV08715; ScPHO87, 322 KZV12886; ScPHO88, CAA85061; ScPHO89, KZV13384; ScPHO90, KZV10076; ScPHO91, 323 DAA10554) and to fungal PTs known to be involved in fungus to plant P transfer in AM fungi 324
Glomus versiforme (GvPT, Accession number AAC49132), Rhizophagus intraradices (GiPT, 325 AAL37552) and Funneliformis mosseae, (GmosPT, AAZ22389); the EM fungus Hebeloma 326 cylindrosporum (HcPT2, CAI94747); and the endophytic fungus Serendipita indica (PiPT, 327 ABI93950). Protein sequences were aligned using muscle and the was conducted phylogenetic 328 reconstruction using Phy-ML (LG model) under Seaview with 100 bootstrap replicates. PT 329 sequences from F229 genome are given in the Dataset S2. Supplementary tables S1 to S6 a Alpha diversity was compared based on one or two factor ANOVA on Shannon's H index (P < 0.05) b Community structures were compared based on PerMANOVA on Bray-Curtis dissimilarities (P < 0.05, 10.000 permutations). c The soil fertilization regime was studied as a nested factor within soil geographical origin. d As the four A. alpina accessions exhibited similar fungal communities in the garden experiment (GAR) (see Fig. S2 ) combined data from all accession where included in the GAR-Lau treatment, unless indicated otherwise. 0  catgcgGTGARTCATCGAATCTTTG  fITS7_1  1  gcagtGTGARTCATCGAATCTTTG  fITS7_2  2  tagctGTGARTCATCGAATCTTTG  fITS7_3  3  gactgtGTGARTCATCGAATCTTTG  fITS7_4  4  cgtcgaGTGARTCATCGAATCTTTG  fITS7_5  5  gtcgcGTGARTCATCGAATCTTTG  fITS7_6  6  acgtaGTGARTCATCGAATCTTTG  fITS7_7  7  cactacGTGARTCATCGAATCTTTG  fITS7_8  8  tgacGTGARTCATCGAATCTTTG  fITS7_9  9  agtaGTGARTCATCGAATCTTTG  fITS7_10  10  atgaGTGARTCATCGAATCTTTG  fITS7_11  11  tgcaGTGARTCATCGAATCTTTG  gITS7_0  0  catgcgGTGARTCATCGARTCTTTG  gITS7_1  1  gcagtGTGARTCATCGARTCTTTG  gITS7_2  2  tagctGTGARTCATCGARTCTTTG  gITS7_3  3  gactgtGTGARTCATCGARTCTTTG  gITS7_4  4  cgtcgaGTGARTCATCGARTCTTTG  gITS7_5  5  gtcgcGTGARTCATCGARTCTTTG  gITS7_6  6  acgtaGTGARTCATCGARTCTTTG  gITS7_7  7  cactacGTGARTCATCGARTCTTTG  gITS7_8  8  tgacGTGARTCATCGARTCTTTG  gITS7_9  9  agtaGTGARTCATCGARTCTTTG  gITS7_10  10  atgaGTGARTCATCGARTCTTTG  gITS7_11 11 tgcaGTGARTCATCGARTCTTTG ITS4_0  0  cgcatgTCCTCCGCTTATTGATATGC  ITS4_1  1  actgcTCCTCCGCTTATTGATATGC  ITS4_2  2  agctaTCCTCCGCTTATTGATATGC  ITS4_3  3  acagtcTCCTCCGCTTATTGATATGC  ITS4_4  4  tcgacgTCCTCCGCTTATTGATATGC  ITS4_5  5  gcgacTCCTCCGCTTATTGATATGC  ITS4_6  6  tacgtTCCTCCGCTTATTGATATGC  ITS4_7  7  gtagtgTCCTCCGCTTATTGATATGC  ITS4_8  8  gtcaTCCTCCGCTTATTGATATGC  ITS4_9  9  tactTCCTCCGCTTATTGATATGC  ITS4_10  10  tcatTCCTCCGCTTATTGATATGC  ITS4_11 11 tgcaTCCTCCGCTTATTGATATGC a Primer and tag information are given for the three primer sets used in the primer comparison preliminary study. The same primer/tag combinations were used in the final study with primers ITS9/ITS4. b Tag codes and tag sequences are the same as described by Gloor et al.
Reverse primers
(2010). c All three forward primers have degenerated positions (R and/or Y) and primer ITS9 has two
Inosine residues (I) able to bind to the four nucleotides. Number of paired-end reads per sample after sequence quality filtering based on a minimum of 5 bases overlap between the forward and reverse reads (no mismatches), and an absence of mismatches with the primer-tag sequence. This includes fungal and non-fungal reads. a Within each experiment statistical differences between Mock and fungus inoculated treatments are indicated in bold (two-sided ttest, "." P < 0.1, "*" P < 0.05, "**" P < 0.01) (n = 14 -18 plants per treatment per experiment). Forward primer ITS9 recovered more fungal ITS2 sequences than the other two forward primers (paired t-test, P < 0.05). (C) Fungal orders recovered by the three primer pairs. The average relative abundance of each fungal order is shown. The number of high abundance (High ab., > 0.5%) and low abundance (Low ab., <0.5%) fungal orders recovered with each primer is indicated. Forward primer ITS9 recovered more low-abundance fungal orders than the other two forward primers (paired t-test, P < 0.05). The three forward primers were tested in combination with reverse primer ITS4 on the same A. alpina root (n=3) and rhizosphere (n=3) samples in a preliminary experiment. Relation between P accumulation in the plant shoot and relative abundance of fungal OTU00005 in roots. (A) P concentration in the soil and in the plant shoot, and resulting shoot P accumulation ratio in the different treatments. Plant-available P in the four different soils (see Tab. S2) was measured once using ammonium acetate EDTA extraction (AAE10) by the lbu (Laboratory for Soil Analysis, Thun, Switzerland) (n = 1). Shoot P concentration was measured by ICP-MS on dry shoot material (n = 5 -6). P accumulation in shoot was calculated for each sample as the ratio between P concentration in the shoot and plant-available P concentration in the soil (n = 5 -6). (B) Relative abundance of fungal OTU00005 in A. alpina roots in the different treatments. Zero values were excluded (n = 43). For each variable, means are shown and error bars represent standard errors, different letters indicate significant differences between the treatments based on ANOVA followed by Tukey's HSD test at P < 0.05. Fig. S9. Unrooted Maximum-Likelihood phylogenetic tree of P transporters in F229 genome. Protein sequences from annotated P transporters (PTs) in F229 genome (shown in red) were compared to described PTs in Saccharomyces cerevisiae (ScPHO84, KZV08715 ; ScPHO87, KZV12886 ; ScPHO88 , CAA85061 ; ScPHO89 , KZV13384 ; ScPHO90 , KZV10076 ; ScPHO91; DAA10554) and to fungal PTs known to be involved in fungus to plant P transfer in AM fungi (shown in brown) Glomus versiforme (GvPT, Accession number AAC49132), Rhizophagus intraradices (GiPT, AAL37552) and Funneliformis mosseae, (GmosPT, AAZ22389); the EM fungus (shown in purple) Hebeloma cylindrosporum (HcPT2, CAI94747); and the endophytic fungus (shown in green) Serendipita indica (PiPT, ABI93950). Protein sequences were aligned using muscle and the phylogenetic reconstruction was conducted using Phy-ML (LG model) under Seaview with 100 bootstrap replicates. Bootstrap values > 60 are shown. PT sequences from F229 genome are given in the Dataset S2. The group of high-affinity PTs is highlighted. 
